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Introduction: The search for organic compounds 
on Mars, including molecules of either abiotic or bio- 
logical origin is one of the key goals of the Mars Sci- 
ence Laboratory (MSL) mission. Previously the Vi- 
king and Phoenix Lander missions searched for organ- 
ic compounds, but did not find any definitive evidence 
of martian organic material in the soils. The Viking 
pyrolysis gas chromatography mass spectrometry 
(GCMS) instruments did not detect any organic com- 
pounds of martian or exogenous origin above a level 
of a few parts -per-billion (ppb) in the near surface reg- 
olith at either landing site [1], Viking did detect 
chloromethane and dichloromethane at pmol levels (up 
to 40 ppb) after heating the soil samples up to 500°C 
(Table 1), although it was originally argued that the 
chlorohydrocarbons were derived from cleaning sol- 
vents used on the instrument hardware, and not from 
the soil samples themselves [1]. More recently, it was 
suggested that the chlorohydrocarbons detected by 
Viking may have been formed by oxidation of indige- 
nous organic matter during pyrolysis of the soil in the 
presence of perchlorates [2], Although it is unknown 
if the Viking soils contained perchlorates, Phoenix did 
reveal relatively high concentrations (~ 0.6 wt%) of 
perchlorate salt in the icy regolith [3], therefore, it is 
possible that the chlorohydrocarbons detected by Vi- 
king were produced, at least partially, during the ex- 
periments [2,4], 

The Sample Analysis at Mars (SAM) instrument 
suite on MSL analyzed the organic composition of the 
soil at Rocknest in Gale Crater using a combination of 
pyrolysis evolved gas analysis (EGA) and GCMS. 
One empty cup procedural blank followed by multiple 
EGA-GCMS analyses of the Rocknest soil were car- 
ried out. Here we will discuss the results from these 
SAM measurements at Rocknest and the steps taken to 
determine the source of the chlorohydrocarbons. 

SAM Measurement Protocol: Prior to the analy- 
sis of the soil, a procedural blank run using an empty 
quartz cup was carried out to characterize the back- 
ground of the SAM instrument. A quartz cup was 
sealed inside the pyrolysis oven and heated to ~835°C 


at a rate of 35°C/min under He carrier gas flow. A 
small fraction of the gas released from the cup was 
measured directly by electron impact quadrupole mass 
spectrometry (QMS mass range 2-535 Da). A larger 
fraction of the gas was sent to a hydrocarbon trap (Sil- 
ica beads/Tenax TA/Carbosieve G) at an initial tem- 
perature of 5°C. The trap was subsequently heated to 
a temperature of ~300°C for 4 min under He flow and 
the volatiles released were sent to the Tenax TA injec- 
tion trap on the GC column. Trapped compounds were 
separated on the MXT-CLP column (30 m x 0.25 mm 
l.D .) set at an initial temperature of 50°C followed by 
heating to 220°C at 10°C/min. Eluting compounds 
were detected by thermal conductivity [5] and by the 
QMS using a smart scanning mass algorithm and iden- 
tified by their retention time and comparison of the 
mass fragmentation pattern to the NIST1 1 library. 

A sample of the Rocknest soil (scoop #5) collected 
by Curiosity's solid sample acquisition and handling 
system called CHIMRA was sieved (< 150 pm frac- 
tion), portioned (< 76 mm 3 ), and a single portion de- 
livered to a preconditioned SAM quartz cup via the 
SAM solid sample inlet tube. The mass estimates of 
the Rocknest portions delivered to SAM remain uncer- 
tain [6]. EGA-GCMS analyses of the individual 
Rocknest soil portions were performed using condi- 
tions similar to those that were used for the blank. 

SAM Pyrolysis GCMS Results: Several 

chloromethanes including chloromethane (CHjCl), 
dichloromethane (CH 2 CI 2 ), and trichloromethane 
(CHC1 3 ) were detected by SAM GCMS above blank 
levels (Fig. 1). Individual m/z values in counts per 
second comprising each peak were Gaussian fitted in 
IGOR [7] and each compound was identified by the 
mass fragmentation pattern generated from the peak 
fits (Fig. 1, inset). The total abundance of each com- 
pound was estimated by calculating the sum of the area 
of each m/z value and comparing the total area to 
known concentrations of hexane that were analyzed by 
GCMS on the SAM flight instrument during pre-flight 
calibration. Differences in the relative molar response 
of hexane and the chloromethanes were accounted for. 



The abundances of the chloromethanes detected by 
SAM in the Rocknest soil analyses #1 and #2 ranged 
from -0.02 to 2.4 nmol and were all well above blank 
levels (Table 1). These abundances are much higher 
than the pmol values for chloromethane and dichloro- 
methane previously measured by Viking (Table 1). 
The low levels of chloromethanes measured in the 
Rocknest soil#3 sample is due to the fact that the 
GCMS measured the high sample temperature cut 
(533-822°C) during a time when no chloromethanes 
were released from the sample based on EGA. 
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Figure 1. SAM GCMS analysis #2 of the Rocknest soil showing the 
peaks corresponding to CH3CI, CFECl?, and CHCI3. The compounds 
were identified by retention time and comparison of the mass spectra 
(inset) to the NIST library and were present well above blank levels. 

Discussion: There are three possible explanations 
for the source of chlorohydrocarbons detected by SAM 
acting either individually or together in unknown pro- 
portions including: (1) reaction of martian soil Cl with 
terrestrial organics from the sample handling chain 
during pyrolysis and/or chlorohydrocarbons in the 
sample handling chain, (2) reaction of martian soil Cl 
with terrestrial organics in SAM during pyrolysis 
and/or chlorohydrocarbons in SAM, and (3) reaction 
of martian soil Cl with martian organics during pyroly- 
sis and/or martian chlorohydrocarbons in the soil. The 
possible detection of perchlorate [6,8] and the correla- 
tion between the evolution of O 2 and the production of 
chloromethanes at cup temperatures above 200°C 
measured in SAM EGA mode [9], strongly suggest 
that these chlorohydrocarbons are being produced dur- 
ing combustion. The lack of any chlorohydrocarbons 
in the SAM procedural blank run indicates that the 
chlorohydrocarbons themselves are not contaminants 
from the SAM instrument. It is possible that the 
chlorohydrocarbons were derived from contamination 
in the sample handling chain, although it is important 
to note that CHIMRA was scrubbed with the soil mul- 
tiple times prior to the first SAM soil analysis and the 


surfaces were found to be organically clean prior to 
launch [9,10]. Analysis of the MSL organic check 
material is needed to further assess this possibility. 
Terrestrial N - met h y 1-/V- (/-bu ty ldime t h y Isi ly l)tri II uoro- 
acetamide (MTBSTFA) and associated reaction prod- 
ucts from the SAM wet chemistry experiment were 
identified in both the blank and soil EGA-GCMS anal- 
yses [11,12]. Based on laboratory pyrolysis GCMS 
experiments, combustion of MTBSTFA during SAM 
pyrolysis and reaction with martian Cl can explain the 
presence of the chloromethanes and a chloromethyl- 
propene also detected by SAM [9]. Furthermore, these 
are the two chlorohydrocarbon classes expected by 
MTBSTFA combustion. Thus, at this time, while 
MTBSTFA contamination can explain all of the 
chlorohydrocarbons observed, we cannot exclude the 
possibility that traces of martian organics contributed 
to the chloromethanes measured by SAM. 


Table 1. Comparison of the abundances of chloromethanes detected 
by the Viking and SAM GCMS instruments. 


Sample 

Temp 

ch 3 ci 

ch 2 ci 2 

CHCh 

Viking (VL1 ) a 

Blank 

500°C 

ND 

ND 

ND 

Soil#l 

200, 500°C 

30 pmol 

ND 

ND 

Soil#2 

200,350,500°C 

ND 

ND 

ND 

Viking (VL2) a 

Blank 

500°C 

ND 

ND 

ND 

Soil#l 

200,350,500°C 

ND 

2-16 pmol 

ND 

Soil#2 

200,350,500°C 

ND 

0.05 - 47 pmol 

ND 

MSI.- SAM 1 ' 

Blank 

144-533°C 

0.2 + 0.1 nmol 

< 0.03 nmol 

< 0.01 nmol 

Soil#l 

144-533°C 

1.3 ± 0.5 nmol 

0.8 + 0.3 nmol 

0.02 + 0.01 nmol 

Soil#2 

98-425°C 

2.4 + 0.8 nmol 

0.9 + 0.3 nmol 

0.04 + 0.01 nmol 

Soil#3 

533-822°C 

0.2 + 0.1 nmol 

0.04 + 0.01 nmol 

< 0.01 nmol 


“Viking data in pmol calculated from [1] assuming 100 mg samples; ND = not 
determined; b SAM cup temperature range indicates temperature cut where 
volatiles were collected on the hydrocarbon trap for GCMS analysis. SAM 
Soil#l and Soil#2 abundances in nmol were corrected for the gas fraction sent 
to the hydrocarbon trap using EGA data. Errors determined by the standard 
deviation of the average of five separate hexane calibration runs on SAM. 
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